two-dimensional high T c phases and to significantly enhance superconducting properties in known or new superconductors.
Typical approaches for the realization of quasi two-dimensional superconducting sheets rely on fabrication of an 'ultrathin' layer of a known superconductor 1, 2 . Another route is to use hetero-interfaces. Superconductivity in the 0.2-6 K range was reported at the interface between two oxide insulators 6 or in superlattices where one 7 or both is seen in bulk single crystals (ref. 9 and Supplementary Fig. 1 ). Hence, in M-S bilayers we see a large (up to 25%) relative T c enhancement. T c 's around 50 K were observed previously in some LSCO films 14, 15 and LSCO-LCO bilayers 5 but the locus of the highest T c has not been investigated. Below we show that in our M-I films enhanced superconductivity originates from and is restricted to a 1-2 UC thick interfacial layer. In retrospect, one would suppose that at least the bilayer result 5 was also an interface effect, a proposition that we confirmed, as discussed below.
To directly determine the length scale associated with interface superconductivity we synthesized a series of M-I and I-M structures with thick bottom layers (≥ 30 UC)
while the thickness of the top layer was increased digitally, one-half UC at a time ( interface, which sets an upper limit to any cation intermixing, see also Supplementary As an independent test of chemical variations across the interfaces, the changes in the Oxygen-K fine structure were analyzed using a principle-components analysis.
The fraction of the component corresponding to the M layer is shown in Fig. 4 
B. The highest critical temperature in single-phase films
In Supplementary Fig. 1 we show a T c histogram of about 150 single-phase LSCO films grown in our laboratory. We varied widely the Sr doping level (spanning the entire phase diagram) as well as the film thickness and its oxygenation state. We have never seen T c exceeding 40 K in any of these films, in contrast to T c ~ 50 K obtained reproducibly in M-S bilayers. These data suggest that the 25% increase in T c might originate from the interface. The mutual inductance measurements (Fig. 3 of the manuscript and Supplementary Fig. 6 ) confirmed this observation. The same arguments make the Sr inter-diffusion mechanism unlikely to explain this relative enhancement: it seems improbable that whenever we grow a bilayer we always achieve (by uncontrolled inter-diffusion) the optimal Sr concentration for T c ≈ 50 K, but we always (150 times) miss it whenever we grow a single layer.
C. Other Information about La/Sr inter-diffusion at the interface
We list below additional experimental observations in connection to possible La/Sr inter-diffusion across the interface. While arguably not as conclusive as the Scanning transmission electron microscopy (STEM) results shown in the main manuscript, these results support and are fully consistent with our conclusion that the cation inter-diffusion mechanism cannot be responsible for the interface effects reported here. . It allows us to set an absolute upper limit on the amount of possible Sr diffusion along the growth direction. In Supplementary Fig. 3 we show the evolution of the peak associated with recoiled Sr from the top surface layers as a result of elastic binary collisions with the incoming 10 keV K + projectiles. The parameters were tuned to maximize the surface sensitivity: we used a low incidence angle (α = 15°), a low-index crystallographic azimuth, [100], and monitored single-scattering events.
Assuming that the integrated intensity of the Sr recoil peak is proportional to the surface concentration of Sr (open symbols in Supplementary Fig. 3 ), we can put an .
D. Analysis of the mutual inductance measurements
In Supplementary Fig. 5 , we show the temperature dependence of the mutual inductance in the single-phase and bilayer samples discussed in Fig. 3 from the resistivity data shown in Supplementary Fig. 7 . As the thickness of the M layer is increased in I-M structures, the conductance at a fixed temperature stays low up to 2.5 -3 UC and then it crosses over to a uniform linear increase. One possibility is that the first few M layers are disordered. In M-I structures, superconductivity occurs even when the top I layer is just 0.5 UC thick (Fig. 2a) . 23.
F. Electron microscopy: experimental details and information about interface roughness
The specimen was prepared using the focused ion beam in-situ lift-out technique on an FEI Strata 400S DualBeam instrument 36 . The specimen was polished using 2 keV Ga + ions as the final step to facilitate the STEM imaging 37 .
The electron microscopy and spectroscopy measurements were performed on a monochromated 200 kV FEI Tecnai F20-ST STEM with a minimum probe size of ~1.6Å
and a convergence semiangle of (9.5±1) mrad. The ADF image was recorded with a detector inner angle of ~65 mrad. To increase signal to noise and average out the scan noise, 10 successive images (5 for the lower magnification ADF image shown in Fig. 4 in the main text), each recorded at 8 microseconds per pixel, were cross-correlated and averaged. Subsequently, the 1024×1024 pixel images were rebinned to 512×512 pixels. 
